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of alcohol-attributable mortality and the proportion among 
all deaths decreased.  Conclusions: The increasing trend in 
mortality due to alcohol until the mid-1990s has reversed. 
The constant proportion of all hospitalizations that were at-
tributable to alcohol indicates that factors such as improved 
treatment and easier health care access may have influenced 
the general increase in all-cause morbidity. To further reduce 
alcohol-related mortality, efforts in reducing consumption 
and increasing treatment utilization are  needed. 
 © 2015 S. Karger AG, Basel 
 Introduction 
 Alcohol is one of the leading avoidable risk factors for 
hospitalization and premature mortality worldwide. Esti-
mates from the 2010 Global Burden of Disease and In-
jury study indicate that alcohol consumption ranks fifth 
among 67 risk factors and risk factor clusters accounting 
for 2.7 million deaths and 3.9% of all disability adjusted 
life years (DALYs)  [1] . A recent study on the size and bur-
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 Abstract 
 Aims: Trends in morbidity and mortality, fully or partially at-
tributable to alcohol, for adults aged 18–64 were assessed 
for Germany.  Methods: The underestimation of population 
exposure was corrected by triangulating survey data with 
per capita consumption. Alcohol-attributable fractions by 
sex and two age groups were estimated for major disease 
categories causally linked to alcohol. Absolute numbers, 
population rates and proportions relative to all hospitaliza-
tions and deaths were calculated.  Results: Trends of 100% 
alcohol-attributable morbidity and mortality over thirteen 
and eighteen years, respectively, show an increase in rates of 
hospitalizations and a decrease in mortality rates. Compari-
sons of alcohol-attributable morbidity including diseases 
partially caused by alcohol revealed an increase in hospital-
ization rates between 2006 and 2012. The proportion of al-
cohol-attributable hospitalizations remained constant. Rates 
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den of mental disorders of the brain in Europe reported 
that in 2011 mental disorders contributed 26.6% to the 
all-cause burden. Alcohol disorders were among the most 
disabling diseases and were estimated at 3.4% ranking 
seventh in the prevalence of disorders of the brain in 
 Europe  [2] . Alcohol consumption is not only a risk factor 
for the physical, psychological, and social well-being of 
consumers but also a risk factor for others, particularly 
family members  [3] , friends, acquaintances, and some-
times even to unknown others  [4] .
 In Germany, alcohol is by far the most widely used 
psychoactive substance. Recent survey data from 2012 
suggest that only one in ten individuals aged 18–64 
 refrained from alcohol use in the past 12 months  [5] . Ex-
cessive drinking operationalized as more than 60 g of eth-
anol per day at least once in the last 30 days was reported 
by 20.6% of men and 6.6% of women. Moreover, DSM-IV 
alcohol use disorders were estimated at 6.5% (depen-
dence 3.4%, abuse 3.1%), resulting in 3.4 million 18–64 
year-olds being negatively affected by alcohol use. While 
abuse is mostly associated with disabling effects that man-
ifest themselves in neglect of social roles or functional 
problems in everyday life  [6] , alcohol dependence (AD) 
is regarded a major health risk contributing as much as 
74% to the estimated overall net burden of mortality  [7] . 
The social burden and the economic costs from alcohol 
consumption in Germany are immense  [8] , with costs 
amounting to 32.5 billion EUR in 2010 borne by the so-
ciety  [9] .
 Although there is up-to-date knowledge available in 
Germany on the size and burden of disease from alco-
hol  consumption  [7, 8, 10] , information on changes in 
 alcohol-related hospitalization and mortality is scarce. A 
study based on all fully alcohol-attributable deaths re-
vealed an increase in rates per 100,000 population from 
12 cases in 1980 to 21 in the mid-1990s with rates decreas-
ing thereafter to 18 in 2005  [11] . And Nolte and colleagues 
 [12] comparing mortality fully and partially attributable 
to alcohol in East and West Germany between 1992 and 
1997 reported an increase in mortality rates in the West 
but not in the East, while the proportion of all deaths that 
were fully or partially attributable to alcohol increased in 
both parts of Germany.
 Data on alcohol consumption from self-reports indi-
cate a declining trend in the average volume of alcohol 
consumption in men and an increase in frequency of 
heavy drinking to intoxication particularly among wom-
en since 1995. During the same time, the prevalence of 
alcohol dependence increased in both genders  [13] . On 
the other hand, data on aggregated per capita consump-
tion show a general decrease in consumption since a peak 
of 17.2 l of ethanol in the population aged 15+ in 1976. 
Between 1990 (14.9 l) and 2011 (11.0 l) a further decline 
of about 4 l of ethanol was reported (Global Information 
System on  Alcohol and Health (GISAH)). Thus, due to 
the strong link between consumption and alcohol-related 
diseases, changes in hospitalization and mortality due to 
alcohol-related diseases and disease conditions are ex-
pected  [14, 15] .
 While disease conditions that are fully attributable to 
alcohol such as alcohol psychosis or alcoholic liver dis-
ease can, on a yearly basis, be taken from routine statistics, 
disease conditions, where alcohol is only a component 
cause, need to be estimated by alcohol-attributable frac-
tions (AAF). The present study thus aimed at (1) examin-
ing trends of diseases and disease conditions that are ful-
ly attributable to alcohol based on data from the hospital 
discharge register (2000–2012) and the death register 
(1995–2012), and (2) estimating the burden of hospital-
ization (morbidity) and death (mortality) of major dis-
ease categories fully and partially linked to alcohol for 
2006 and 2012. Estimates were based on the methods ap-
plied in the Global Burden of Disease study  [15, 16] using 
appropriate age- and gender-specific alcohol exposure 
data.
 Methods 
 Data Sources 
 Data on alcohol exposure for the calculation of alcohol-attrib-
utable fractions (AAF) were collected from two waves of the cross-
sectional German Epidemiological Survey of Substance Abuse 
(ESA) that have been conducted in 2006 and 2012. Overall, 7,912 
(2006) and 9,084 (2012) individuals aged 18–64 participated in the 
surveys, corresponding to response rates of 44.9 and 53.6%, re-
spectively (for a detailed description of the methods see  [13,  ESA , 
17] ).
 For estimating alcohol-related morbidity and mortality, an-
nual reports provided by the Federal Statistical Office for the 
years 2006 and 2012 were used. With regard to mortality, statis-
tics on the cause of death based on death certificates were exam-
ined  [18, 19] . Morbidity data were taken from statistics on pa-
tients discharged from hospital after in-patient treatment  [20, 
21] . These statistics cover general, psychiatric, psychotherapeu-
tic, neurologic and geriatric hospitals, and maternity as well as 
prevention and rehabilitation facilities. Both datasets were avail-
able by age (5-year age groups from 15 to 64 years), gender, and 
a four-digit classification according to the 10th revision of the 
International Statistical Classification of Diseases and Related 
Health Problems  [22] .
 Data on trends of morbidity (2000–2012) and mortality (1995–
2012) fully attributable to alcohol were collected from the same 
sources as described earlier. Mortality statistics from 1995 to 1997 
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were based on ICD-9, whereas more recent data were based on 
ICD-10. Hospital discharge data for the observed period was based 
on ICD-10. In earlier years, ICD-9 records were available only for 
three-digit codes, impeding comparisons with data before 2000. 
For calculating population rates of morbidity and mortality, popu-
lation data on 15–64 year-olds for the years 1995–2012 were col-
lected from the DESTATIS-Online database  [23] .
 Measures 
 Survey respondents were divided into lifetime abstainers, for-
mer drinkers (used alcohol but not within the past 12 months), and 
current drinkers (used alcohol at least once within the past 12 
months). For current drinkers, a standardized quantity-frequency 
measure for beer, wine/sparkling wine, spirits, alcopops (in 2006 
only), and mixed alcoholic beverages (in 2012 only) was used to 
calculate the average daily intake (in grams of ethanol). In addi-
tion, for estimating injuries and ischemic heart disease attributable 
to alcohol, data on the prevalence and frequency of episodic heavy 
drinking were used (online suppl. appendix B; for all online suppl. 
material, see www.karger.com/doi/10.1159/000381672). Episodic 
heavy drinking was defined as average daily ethanol intake of at 
least 48 g for women and 60 g for men.
 Disease conditions that are causally attributable to alcohol con-
sumption were obtained from the Comparative Risk Assessment 
for alcohol within the 2005 Global Burden of Disease (GBD) study 
 [15] ; the same list was used in the 2010 GBD study and the 2014 
Global Status Report on Alcohol and Health by the World Health 
Organization  [24] . An overview is given by ICD-10 code in online 
supplementary appendix C. For the vast majority of diseases, a det-
rimental effect of alcohol use was assumed. In addition, diseases 
for which moderate consumption of alcohol can have a beneficial 
effect were also considered. The number of cases and deaths that 
are, by definition, fully attributable to alcohol were directly includ-
ed in the calculations of alcohol-related morbidity and mortality. 
For diseases and deaths that are not fully attributable to alcohol, 
alcohol-attributable fractions (AAF) were estimated and applied 
to respective morbidity and mortality data  [25] . An AAF repre-
sents the estimated proportion of cases and deaths that may be at-
tributed to alcohol, that is, that would disappear should no alcohol 
have been consumed.
 Statistical Analyses 
 AAFs were calculated using the etiological fraction methodol-
ogy  [26] as outlined in detail in online supplementary appendix B. 
First, survey data on alcohol consumption were statistically 
weighted to represent the general population of Germany in 2006 
and 2012. In order to adjust the undercoverage of total consump-
tion in the population, data on average daily alcohol intake were 
triangulated with data on adult per capita consumption as ob-
tained from GISAH  [27] (online suppl. appendix A). Second, a 
gamma distribution was used to model data on alcohol consump-
tion continuously  [16] . The shape and scale parameters of the gam-
ma distribution were calculated from the mean and standard de-
viation of the triangulated consumption data  [28] . Finally, the 
gamma distribution was integrated and gender- and disease-spe-
cific AAFs were estimated (online suppl. appendix B).
 Risk relations for alcohol were deduced from recent meta-anal-
yses  [28] . The upper boundary of the integral was capped at 150 g 
to ensure that relative risk functions are used only in the range in 
which they have been defined. Finally, AAFs were multiplied with 
morbidity and mortality data to obtain estimates for the number 
of hospital cases and deaths that were in part attributable to alcohol 
consumption. All analyses were stratified by age (15–34, 35–64 
years) and gender. Results are presented as absolute numbers and 
rates per 100,000 population. Assumptions about consumption in 
age groups not covered by the survey were taken from European 
results of the GBD.
 Total morbidity and mortality for disease conditions fully at-
tributable to alcohol were calculated in crude rates per 100,000 
population for the years 1995–2012. ICD-10 code K85.2 was intro-
duced in the German hospitalization statistics in 2006. This code 
was excluded in trends of total morbidity. ICD-10 codes G31.2, 
K85.2 and K86.0 had no corresponding code in ICD-9. For com-
parative reasons these codes were excluded in trends of total mor-
tality. In Germany, causes X45 (accidental poisoning by and expo-
sure to alcohol), X65 (intentional self-poisoning by and exposure 
to alcohol), and Y15 (poisoning by and exposure to alcohol, unde-
termined intent) are included in T51.0 and T51.9. These codes are 
not separately listed. Trends were calculated for total alcohol-at-
tributable morbidity and mortality, and in addition separately for 
mental behavioral disorders due to use of alcohol (F10 in ICD-10; 
291, 303, 305.0 in ICD-9), alcohol dependence (F10.2 in ICD-10; 
303 in ICD-9), and alcoholic liver disease (K70 in ICD-10; 571.0–
571.3 in ICD-9). Because death due to alcohol intoxication (F10.0 
in ICD-10) is rare, F10.0 was included only as a separate trend in 
the analysis of morbidity. Data were stratified by age (15–34, 35–64 
years) and gender.
 The survey data on alcohol consumption were analyzed using 
the Stata 12.1 SE software package, taking the complex sampling 
design of the ESA study into account (StataCorp LP, College Sta-
tion, Tex., USA). AAFs and corresponding confidence intervals 
were calculated using the statistical software package R version 
2.11.1  [29] .
 Results 
 Trends in Rates of Morbidity and Mortality Fully 
Attributable to Alcohol: 1995/2000–2012 
 In  figures 1 and  2, trends in morbidity fully attribut-
able to alcohol for both genders expressed in number of 
hospitalizations and number of deaths per 100,000 popu-
lation (15–64 years) are shown. Rates of hospitalizations 
of men exceeded those of women by a factor of 3.2 in 
2000 and 2.7 in 2012. Between 2000 and 2012 rates of to-
tal 100% alcohol-attributable morbidity in men and 
women increased by 16 and 38%, respectively. The rates 
of hospitalizations due to alcohol dependence (F10.2) for 
men remained almost constant, while rates for women 
slightly increased. Overall, gender-specific trends of total 
and F10.2 rates of hospitalizations showed a larger in-
crease in women compared to men ( fig. 1 ). On average, 
F10 diagnoses contributed 88% in men and 90% in wom-
en to total hospitalizations with almost no variation over 
time. Conversely, between 2000 and 2012, the share of 
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 Fig. 1. Trends of the number of hospitalizations per 100,000 (15–64 years) fully attributable to alcohol by gender: 
2000–2012. All data based on ICD-10. 
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 Fig. 2. Trends of the number of deaths per 100,000 (15–64 years) fully attributable to alcohol by gender: 1995–
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F10.2 in F10 diagnoses constantly declined from 51 to 
43% in men and from 49 to 42% in women, indicating a 
larger share of other diagnoses than alcohol dependence. 
A major contribution of the observed changes came from 
treatment of acute intoxication (F10.0) with rates in-
creasing more than twofold in both genders between 
2000 and 2012.
 Total 100% alcohol-attributable mortality rates in men 
decreased between 1995 and 2012 from 37 to 25 cases, and 
in women from 12 to 8 cases per 100,000 population, in-
dicating a reduction of one third in both genders. In par-
allel, mortality rates due to alcohol dependence decreased 
by 38 and 33% for men and women, respectively ( fig. 2 ). 
In contrast to morbidity, the majority (87% in men and 
88% in women) of deaths diagnosed as F10 were contrib-
uted by alcohol dependence, while the average share of 
F10 (291, 303, 305.0 in ICD-9) in total 100% alcohol-at-
tributable mortality was 35% in men and 27% in women 
with almost no variation over time. The major contribu-
tion to mortality was due to alcoholic liver disease ac-
counting on average for 57% of deaths in men and 67% 
of deaths in women. Mortality rates due to alcoholic liver 
cirrhosis decreased in a similar manner to the other 100% 
alcohol-attributable causes of death.
 Alcohol-Attributable Morbidity and Mortality Fully 
or Partially Attributable to Alcohol: 2006–2012 
 Tables 1 and  2 summarize hospitalizations and deaths 
due to disease conditions fully or partially attributable to 
alcohol. Although the rates of net alcohol-attributable 
hospitalizations increased between 2006 and 2012, the 
proportion relative to total morbidity remained constant 
with 5.1% in both years. However, while the proportion 
of all net hospitalizations in men slightly decreased, the 
proportion among women slightly increased ( table  1 ). 
The death rates as well as the proportion of alcohol-at-
tributable deaths to all deaths declined in both genders 
( table 2 ). Interestingly, the decrease in alcohol-attribut-
able mortality between 2006 and 2012 could be observed 
in all disease categories. Changes in hospitalization, how-
ever, differed by disease category. While the number of 
alcohol-related cancer as well as diseases in the category 
‘other 100% alcohol-attributable diseases’ declined, the 
number of all other disease categories increased in the 
observed time period. Close inspection of changes within 
single codes in the ‘other’ category revealed that the re-
duction in this category was due to a significant change 
in coding with F10.0 being prioritized over T51 in 2012 
compared to 2006 (data not shown and available on re-
quest).
 Discussion 
 Overall, trends of 100% alcohol-attributable morbidity 
and mortality over thirteen and eighteen years, respec-
tively, show an increase in rates of hospitalizations and a 
decrease in rates of mortality. The increase in rates of al-
cohol-related hospitalization in women (+38%) was larg-
er than in men (+16%), while mortality rates decreased 
almost at the same extent in both genders (–32% in men 
and –33% in women). Comparisons of estimated alcohol-
attributable morbidity including diseases not fully attrib-
utable to alcohol between 2006 and 2012 revealed an in-
crease in rates per 100,000 population. However, relative 
to total morbidity there were no changes in alcohol-relat-
ed hospitalization. Alcohol-attributable mortality de-
creased between 2006 and 2012 both in terms of rates and 
relative to all deaths.
 As expected, in line with the literature  [30–33] a strong 
link between alcohol consumption and mortality could 
be observed in Germany. Assuming that mortality lagged 
behind consumption  [34], reductions in per capita con-
sumption since the late 1970s corresponded with a de-
clining trend in 100% alcohol-attributable mortality in 
the last two decades. The observed decreasing trend in per 
capita consumption was supported by consumption data 
obtained from self-reported surveys both in adolescents 
 [35] and the general population  [36] . The declining trend 
in mortality fully attributable to alcohol was corroborated 
by estimates that included diseases that were partially at-
tributable to alcohol for 2006 and 2012. The observed 
trends were in line with earlier research. The reversal of 
the increasing trend in mortality fully attributable to al-
cohol since the mid-1990s  [11] was found to continue un-
til recently. Similarly, the increase in mortality rates and 
the proportion of all deaths that were attributable to alco-
hol when including deaths partially caused by alcohol in 
the 1990s  [12] were found to have reversed as well.
 Contrary to mortality, rates of hospital admissions re-
lated to diseases fully attributable to alcohol have increased 
over the last thirteen years. When considering diseases 
partially attributable to alcohol, estimates for 2006 and 
2012 support this trend. Rates of net alcohol-attributable 
hospitalizations increased by 11%. The largest increase 
was observed in the diagnosis of mental and behavioral 
disorders (F10). This increase seems to be mainly driven 
by an increase in hospitalizations due to acute alcohol in-
toxication (F10.0). One reason may be an increased sensi-
tivity to alcohol-related problems, which consequently 
leads to more visits to health care professionals and more 
hospital admissions. Evidence for such a mechanism 
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comes from analyses of hospital admissions due to alcohol 
intoxication particularly in adolescents. The more than 
twofold increase in the treatment of acute intoxications at 
hospitals over the last 10 years could be explained neither 
by a dramatic increase in youths’ consumption nor by the 
major shift in coding from T51 to F10.0. Changes in drink-
ing context of adolescents and rising awareness of others 
directly or indirectly involved in the incident seem more 
plausible in explaining the trend  [37, 38] .
 It is worth noting that alcohol-related disorders in the 
general population aged 18 to 64 years increased between 
2006 and 2012 from 4.0 to 5.2% and 1.5 to 2.1% for men 
and women, respectively  [36] . However, these changes 
are not reflected in rates of hospitalizations due to F10.2. 
Patients may be treated for diseases related to alcohol de-
pendence such as accidents or falls. In these cases, F10.2 
would not be coded as primary diagnosis.
 Even though alcohol-related morbidity has increased 
in absolute numbers, the proportion of alcohol-attribut-
able hospitalizations relative to total morbidity remained 
constant between 2006 and 2012. Reasons for this parallel 
increase may include but not be limited to sociodemo-
graphic changes such as longer life expectancy and high-
er age-specific morbidity [see  39 , p. 239], or improved 
quality of and access to health care. While the observation 
period seems too short for effects of increased life expec-
tancy, improved health care may attract more people to 
seek professional help.
 Some limitations of the present study need to be dis-
cussed. (1) Information concerning the cause of death is 
prone to inaccuracies and considerable degrees of error 
 [40, 41] . While we have no way to improve the official 
statistics on the cause of death, cases above the age of 64 
were excluded because of evidence questioning the reli-
ability of deaths certificates in older age  [42] . Moreover, 
relative risks of risk factors such as alcohol tend to con-
verge to 1 with older age  [43] , and using the current meth-
odology based on meta-analyses would not result in un-
biased estimates of the impact of alcohol. (2) Hospital 
morbidity statistics, particularly diagnoses related to al-
cohol dependence, are known to be underreported due to 
physicians’ inability in detecting  [44] or physicians’ ten-
dency not to report such disorders  [45] . Since there is no 
evidence for systematic changes in detecting and report-
ing F10.2 over time, trends will not be affected. (3) Un-
fortunately, aspects of harms to others (e.g. a drunk driv-
er being responsible for an injury or death of persons who 
have not consumed alcohol) could not be included in the 
analysis. Incidents such as accidents involving passen-
gers, other drivers or pedestrians, or alcohol-attributable Di
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violence have recently been shown to contribute a large 
proportion to the burden of alcohol-related injuries  [4] . 
(4) There are a number of limitations linked to the used 
RR and AAF analysis for partially attributable outcomes: 
this includes the assumption of no lag-time, which is un-
realistic especially for cancer, where it takes 20 years be-
tween exposure and disease incidence [ 46 , in general  47 ]. 
Also, the use of risk relations from global meta-analyses 
may introduce some error. While such risks have been 
shown to be relatively constant for more biological rela-
tionships (e.g. alcohol and breast cancer  [48] ), more vari-
ation can be expected for outcomes like injuries, which 
depend on a multitude of social factors (e.g. traffic injury 
will depend on road safety, average mileage per popula-
tion or drinking driving countermeasures  [49] ). (5) Ex-
posure data for triangulation and calculation of AAFs 
(age range 18–64 years) did not perfectly match morbid-
ity and mortality statistics that were in the age range 15–
64 years. Unfortunately, hospitalization and death re-
cords were available only in 5-year age groups. Instead of 
using the age range 20–64 years we decided to apply the 
analysis to 15–64 year-olds. For mortality, this may be 
justified by the fact that alcohol-related death below age 
18 is fairly rare. For morbidity, the number of alcohol-
attributable hospitalizations may be slightly overestimat-
ed. The bias, however, applies to both years and compar-
isons will not be affected. (6) Exposure to EHD in the 
population was based on the same threshold of five or 
more alcoholic drinks per day for men and women, 
whereas AAFs for ischemic heart disease were estimated 
using gender-specific thresholds of 48 and 60 g of etha-
nol per day for women and men, respectively. This ap-
proach was chosen to enhance comparability with earlier 
studies on alcohol-related morbidity and mortality. 
Moreover, because of lack of information on differential 
undercoverage, the approach of triangulation assumes a 
constant undercoverage in different population segments 
 [28] . Finally, alcohol-related hospitalizations and deaths 
were not standardized by age. The observed trends may 
thus in part be due to shifts in the age structure of the 
 German population in the observed periods. Relative 
risks for diseases and deaths attributable to alcohol were 
available only by two age groups, precluding an age-ad-
justed calculation of AAFs. However, no major changes 
in the age distribution occurred between 2006 and 2012.
 Overall, an increasing trend in alcohol-attributable 
morbidity and a decreasing trend in alcohol-attributable 
mortality were observed in Germany. Based on the evi-
dence of a strong link between alcohol consumption and 
alcohol-related mortality, further reductions in alcohol 
use will impact on the future trend. There is also growing 
evidence on the positive effects of treatment utilization on 
mortality  [7, 50, 51] . In Germany, alcohol dependence 
was estimated to contribute 74% of the estimated overall 
net burden of mortality and an increase of alcohol-depen-
dent individuals in addiction treatment by 40% was esti-
mated to result in a reduction of alcohol-related mortality 
by up to 13% in men and up to 11% in women  [7] . Con-
versely, an increase in treatment utilization will inevitably 
raise morbidity figures. Thus, while mortality mirrors 
consumption trends with a likely lag of about 20 years 
 [52] , trends in hospitalization seem to be less driven by 
consumption per se. The almost constant proportion of 
the share of alcohol-attributable hospitalizations in total 
morbidity indicates that the increase of alcohol-attribut-
able inpatient treatment did not exceed the rise in treat-
ment of other diseases.
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